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[Abstract ] 

[Problems] To obtain a communication device capable of 
realizing great improvement in BER characteristic. 
[Solving Means ] A turbo encoder is constituted to include : 

10 the first recursive organization convolutional encoder 31 
constituted to output a redundant bit sequence u a based on 
an information bit sequence Ui and an information bit sequence 
U2 and to input the information bit sequence u 2 into an adder 
69 provided in a final stage for generating the redundant 

15 bit sequence u a ; an interleaver 32 rearranging the 
information bit sequence ui; an interleaver 33 rearranging 
the information bit sequence u 2 ; and the second recursive 
organization convolutional encoder 34 constituted to output 
a redundant bit sequence u b based on the output sequence 

20 uit of the interleaver 32 and the output sequence u 2 t of the 
interleaver 33 and to input the output sequence u lt of the 
interleaver 32 into an adder 69 ina final stage for generating 
the redundant bit sequence u b . 

25 [Fig. 1] Fig. 1 is a block diagram showing the 
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configurations of an encoder and a decoder used in a 
communication device according to the present invention. 
[Fig. 2] Fig. 2 is a block diagram of the transmission 
system of the communication device according to the present 
5 invention. 

[Fig. 5] Fig. 5 is a block diagram of a turbo encoder 
1. 

[Fig. 6] Fig. 6 is a view which shows one example of a 
10 recursive organization convolutional encoder constituting 
the same codes as those of the recursive organization 
convolutional encoder of Fig. 5(b). 

[Fig. 1] (a) 1 turbo encoder 
15 (b) 22 third determination unit; 11 first 

decoder; 13 interleaver; 14 interleaver; 15 second decoder; 
17 deinterleaver ; 20 second determination unit; 21 second 
R/S decoder; 18 first determination unit; 19 first R/S 
decoder; 

20 

[Fig. 5] (a) 31 first recursive organization 
convolutional encoder; 34 second recursive organization 
. convolutional encoder 
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r, 

sm i ^if»wia«*^ff*fb^® <t , 
i ©afe^w^at, 

2(o^»^a^tB^^u^a^^r»2 07Lfttry 

^f?*Hb#a*:, 

2 ] mmm i as* 2 

ff*ft:*att, 5 ocQflng££ <h 4 ooigjg Sd* , 1 a 1 

mmm2(Dffimt?y h»MSr % wes 1 
«te*»»©«dji»^a* u 

AOgSdA^U 

«a«»^w^t;^a^*3»t-5 2ae, 3aa*3<tt/ 

fflE»ioafe^#^awtB^9ijs:, mia»2^s» 
»ajB*a*«F-»ft#a(c*5rt-5 ias, 3as, 4a 

B *5 <fc tmEft»a<o*o W»K A^-T 5 :tfc»»tt 
SfS#JS 1 KE«W>a« KB. 

[isjrjs 3 ] ffimm 1 *j «t x/m 2 ofw»M«utt»ii^. 

W-^fk^att, 4oo*p»»£ 4oo»3£«;*s, $1^) 40 

soa^A*, iaBoiSjg«*5<tt/3aB«>*flK»^7 

ffirta»2co««trs/ h^ij*. fflE^ 1 ^H»WjB»* 
ii*.??*{b*a^*5 rt ^ 2 a b *> j; vmmmmwvDmw 

SSKA^U 

mEm 1 <o* ffi t-^ £ , uses 1 <o««to»«fl: 
ii^w^b^aiw*5*ts isi, 2aB^j:o c 3aB<o 

me»2coat'<»x.*aofflA*5ij«: % sites 2 so 
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»»««ii^fflF»<fc*a*c*jit5 iaa, 2aB*>j:r/ 

3aB«>»JHWiA*U 

^ESlo3£-<#x.^aoai^^?iJ$r, MS2©ff» 

wa«»i&^t?^-{k^a^*5it5 2aa*j j:t/sirEft» 
ao*i»sfcA/3i-s r <t fc*tttfi»#« 1 icE® 

[0 0 0 1 ] 

Id, DMT (Discrete Mult i Tone) gg^S^OF 
DM (Orthogonal Frequency Oi vision Mul t i p lex) g£ 

u DMTMiKia *a« £ff 

5a{B3s«KRe>-r* a«*>a«®»sr^L-c, 

\cx *) ftmmiSte&xf&Mmit&n 0 i--<x<nmm mm 

[0002] 

So /";:£;Ltf, SS (Spread Spectrum) ^SSrffli^fc 
^i$CDMA (W-CDMA : Code Division Multip 
I e Access) U:*3^Ttt, *»*«F*0>ttflB*r*# < ± 
®Sg£9fTaE7?-^<t It, *-#f?^j&«S3g£*xT^ 

s D r*>* isaify h^ijir-rv^y-^ 

0, mfiEftfcffiB SftT^SR 9 NEW 1 ot'fc 

r&]±^-ttSw^^T'#So 

[0 0 0 3] J:E^-mS:ffll^ffi*Oi 

WfiESr^-Ma-CfeSo H9 (a) tC:fc^T, lOlfit* 
»fy h**J**i&*ff*<bLTJE*fcr3> hSrtti*-*-* 

ft i off »wia«*ii^w»fk«-e«) 9 s i o 2 Mt-f > 

*!J-'<T*&>9, l 0 3fi-f li-^<l 0 2tcJ:i9A 

h ^m^-r sm 2 <7>s»»«»ftj&^w^b»-efcSo 

(19 ( b ) mi (^S^WIiiW^^ 1 0 1 
feJ:t/»2 0W»Wlft«*ii*W*{b*l 0 3on«Sff 

rtt^-ria-cfco, 2o«s»w»««a^w^b» 

So ±E^-^Pr^§ST*ffl^btlS-r y-/< 

1 0 2t'H, Wfflt'y h^yiJ&^^-MCAftSx.ate 

[0 0 0 4] ±E<oJ:5l-««Sns^-^?f-?-»-C 
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(3) 



«ft&*flF*ft:» i o i co&sicj; o mn5«« try 
i o 3oM(a^>^ 

[0 0 0 5] BlOlt g«*»C*5l^rffiffl$tlS^ — 

mu^sau a , i i2*jj;t;i i6iijo 

*»T**>0, 1 1 3*$J;U<1 1 4&<<<>* V— /<-c*> 
•9. 1 1 5tt3flMt* : yi iSMHI# : y3&*»*>*Hk 
*§Elt*rJ|tffl-fa»2^!IWC*>9, ll7fi^>r> 
? \)—'<V&><9 , 1 1 8 12^2 <Z>&*«1 1 5 60fctJ^£ 

T?*>5 0 Sffff*: yi, y2 ? yitt, tin*: ft, 

fl9l2««tTy h^J : xi. TCge'y h»M : x2, x 3 

[0 0 0 6] ±E^J:5Jc«fiK*ix5^-#a»«t? 
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*»**flElt:L (xik') ^Sttb-T^ (kl«j^ 
-T) o »Rjfc«Jt : L (xik ') fi, WTO 

[*i] 

L(x 1k -)-y 1k +La(x 1k ) + Le(x lk ) 



Pr(x 1k °1|{Y}) 
Pr(x 1k -0||Y|) 



(1 ) 
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tt, *1% IS 10)11**1 1 l*<, *««* : yikirS 
««# : y2k*»b«3eS*LS*2BflMBtry h : xik ' O * 
Le (xik) = L (xik') 



[0 0 0 7] W\ Le (xik) tt*8MJMB«:SU L 
a (xik) ttloffi<0^tt«»-efc6»ffi«««r*L. 
Pr (xik=l | {Y} ) 11, S:mm*tf>£^J {Y} 
&gtt»ofc*fl=-t\ HB8JCi5Hf **Lfc««tTy h : x 
ikdU T-fe*«*S:*U Pr (xik==0 | {Y} ) 
II, ±5RJI] (Y) **»t*ofcft#-C. SSBSKiSfBSft 
fcttfWbTy f> : xik^'0-C*SflM5*:*-r. 

(1) 5£-C«\ ffSCy h : xik^0-C*>5»*t#+ 

swafy h : xu^ i -e&zmmzxtbzz t ttt 

[0 0 0 8] otfK, flOHSI 1 1 2 -ett. meiiuittiK 

-c*5»**«it75»€>, m2<om^&i 1 5 

atf^^Sffi-r^o ftffilfftt: Le (xik) II, ±12 
(l) jSKS^T, KT©J:5Wt^i:m5. 



y i k — L a 



TW<£1^«>, La (xik) =0T*fo-5 o 
[0 0 0 9] o#*ic, ^>-* y— ✓<! 1 3*5j:r/l 1 4 
"Cfi, : yik£ttffl5«« : L e (xik)*, £ 

£*T9o tit, If? 2 <£>?S*t5 1 1 5 tMi, miOffi* 



i 1 1 tmmz s s{ 



yi fcft««# : y3, fc> 50 



it/jfetcHttHLT^V^^aW* : Le (xik) 
i^T, *t»*Slt : L (xik') Sr&fcH-f 5o <£co&, 
fl0j|3§l 1 6-Ott, *0@3§1 1 2 ^fsttHfc, (2) 5t£ 
ffl^T, : Le (xik) £Httj-r6 0 Z<Dk 

f-T^^-yi 1 7KT&^#;tbiXfc*ffi«« 

ii, ^mmm -.La (xik) t LT«FE»iott*»i 

1 1 — K'<y ^ £*l5 0 

[ooio] ^-#«*s-cn, J:Ib*wb*\ 
m<Dm\<^$k±&it$:mitiL, ^lt, fu^gi 1 8 

try h»JiJ«r*Si-S. tzkx.&. » 

BcjCflEltA* "L (xik') >0" "Cfcfui* fltSflWRtr 
y h : xik ' * 1 fc«SL, "L (xik ' ) £ 0" f*> 
fttf, *3e«ffltTy h : xik ' £ 0 <t ¥U£-f 
[ 0 0 1 1 ] 1 1 tt, «*^^-#ff*«*J ■fctf*- 
WSS:ffil/^»*(OBER (t'yhx7-u-h) 

i:Lti«otBER«HtW±t5. <tx.fi. Ell l 



(xik) (2) 
ilSNRWBER{^Lt^4x.l)o ftttWK^S 
(BER<^T*7i«a j ?»75MC/ < c-5«ttc) ©BER^B<4 
[0 0 12] ®/J^^ ^Sm^tte. tzt7L&. 

m9\c7^-rihn (xi, x2, X 3) coh^^'^- 

xi = — 0 0 1 0 0 1 0 0 0 0 0- 
x2= — 0 0 0 1 0 1 0 0 0 0 0- 
X3=- -0 0 0 1 0 1 0 1 0 0 0- 

tV^9W*»* J , '1* ^fi»^>»/hffiS:^i-^<^ — > 
«,in=7 4 t^5o f:/:U xi, x2li, 3i ^=1 — ^(7) A 

[0 0 13] ~(D£ 0 (C, ^^<7)iim^@IC*3^rii. 

[0014] ^fc, ^2e*^oiim^^^fcv^Tli, -r-<r 

50 HaSU $P>i:, Sm^JIwT, WftSixfct^tofl 



40 
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t^TCOr-^ (00 0 0-1 1 1 1 : 4 tf-; h =i >^ 
^U~^>3» tCitLr, 2 5 6QAMt'tolf8t''> 

[0 0 15] 

[«W^«ftLJ:7t-r5»JH] Ld>UM*fe, ±E. 
(H9 (b) jKfflF^STfffll^f,*! 

[0017] 

at^<»x.*a w^y-/<3 2i:«s),t, fWt£Sg2 

•**a y— /<3 3fct@^) Autism 
e* i <D&^wx.^&<n&?i% t ?\\&£xfm 2 o3£-<#x. 

(ff 2 Off »ftflJft*&*flF-9« 3 4 lets 3 ) £ , Sr« 
[0 0 18] o#*0«Wli^^Sii(SaSfitr*sv^-C, bu 

e»ife«t^2os»wt^ft^w^b#att, 5 

0<0*D*» (AD*»6 5. 6 6, 6 7, 6 8, 6 9(C^@ 
3) £4 0<0g5g« (31^6 1, 6 2, 6 3, 6 4K 

fig) ^ ittB^ttlHS^&Mlc%£(c«tt^ix. * 

tcfcttsiae, 3ti, 4a@^ctt/Btri5*^aco^D 

WSKArtU MrBJRlOfflfRtr? h*J>l«r, MIES 1 
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^ w»w»»«i&^2!?F#fk^atc*j it 52^1, 3 a a 
fc<fctMas<o*owgicA/ju ^ife^2o^-<#^^ 
^{aA^j^, mem 2 offAnsttsi&^fiF*^ 

w»WiB«a^w^-fk^ajc*sjt5 ias, 3^1, 

[0 0 19] oro«W«cd^-5iif§3SB«-*5^-C, ffl 
/0 B* 1 *J J: tflB 2 oflFflmiUUIi&^flF^fb^ftfl. 4 
o<z>*o»S OraKS 7 5 . 7 6, 7 7, 7 8i:ftS) 4: 
4o<7)IS (1»7 1, 7 2, 7 3, 7 4lcftg) 

rt*> »l«)»38«^blB^2fl!£lcaaKSix, £blc, m 

^*jits2aB*j«ti/«re*»ao*DW*cA*u, n 

Efci^flMBe* hJW«:, Me* l <o«»«fflf»*i& 

*ff»{k*a«c*3ct-B ias, 281*5^3910* 

20 ISI^L, l»B*2 0Jt'<»*.*a«)ia*3RW«:, 
WB*2^)W»WIMI«i&*«F»{t*a^*5«t5 l» 

s, 2ae*3«tt/3aBo*nj|[»^A*L, ^ismico 
t^8x.*arottiA»^s:, mes2os»wffljtt«5i 
*»*{k#a«c*5fta 2asisj:aqHrea»a^fti]i« 

[0 0 2 0] 

[0021] njfi^ffii. ant *«wi:H^a 

«SBtM!fcffl*ix5flF»« <*-#*H3«) > &£XfW. 
(^-*{|«i:WI)g»tR/S (y-Kyo^ 

»^«fiRS:^-ria-cfc?>, (§11 (b) t**ni&oBi&\z 

[0022] *IIJSco^^^oitSiifi3SBlwioV>T 

Effi#<&«J**fi8;i5r £ ^ Lfc^, fcfcjctf, 2 0(7) 
[0 0 2 3] ^fc, (Hi (a) 0>?5P^«JC*JI>T, Hi 
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«K-5> h<DAX\CttLX, 2 try b(DffimV*y bt 2 fc* 

[0 0 2 4] il (b) oa^Slcfc^T, 11 

: L c y (ttjeo3tfll(B4- : y2, yi, ya 

9, l 2*5J:tfi 6 HADltS-e*) 9 , I3fcj;t/I4li 

-f y— 9, 1 5 If # : L c y (ftttO 

SflTfll*: y2, yi, ybfcfg^) ?i>6*tlfc;fcStt£SI 70 

ttj-**^S2^a-e-»T&9, 1 7 istW* y 

f y h^MIS:ai^t5»lO)WSg-C?fe9, 1 
9 11 y - K V n y^IfLXJ: «9 »ft ^HV«R 

syj^«iSfflS:tti^-rsm 2 <z>¥ij£»-efe «9 % 2 i y 

*yU£tti/>1-5S2<DR/S^:a— y-Cfc 1 ^ 2 2I1L 
cy («a©S«(S# : y3, y4-fiffiS) £«¥U£L 20 

[0025] ±EW-^»*J<t^a-^Si^»ffSr 

B5KS<5^T«i|M£ttW-t-a 0 DMT (Disc 

reteMuIti Tone) ^iiif£ff 

o&m&Tjisfsi'mmttt lth, gssawmtsiEiis 

9 ADSL (Asymmetric Digital Subscriber Line) ii 

fciOTDSL (high-bit-rate Digital Subs JO 
criber Line) aft ^^co x D S Liiff 
<C*>\ ZCDJjtK.^ ANSIOT1. 4 1 3«fJC*Jl>T 

fi, ±ISADS LJcHiC^rfig/j:a«S$KS:ffl 

[0 0 2 6] 13 2*1, *3SMJc^^a«36K^ilH»* 

ft "r — ^^/i/f/uj/ tTs/iss'; zi s h n — /u (Hj 
^COMUX/SYNC CONTROL ICfi 4UCT*fift;L, £fi 

fb^ix/i^fx-^tc^-LTf-^ * y y v y ^>-y>-> ^0 

H'f-x-yt (CRC : Cyclic redundancy checMcfS 
S) 4 2, 4 3i:tR9Sliiffl3-K«:ttJ0U £ <b 
7t9-K^7-^u^'>3y (SCRAM&FECKfg 
^) 4 4, 4 5i:tFECffl3-KwMte.J:(;^^7 

[0 0 2 7] T/i/f/Ui/M/'/y^yhD 

2o(OgW$)l — Dte-f y— :/ (INTERLEAVE) 
46^^ti5'f>'^^yKr-^/<^77 (Interl 
eaved Data Buffer) H?§-C£>9, t>9 — ^fi-fv^y 50 
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— :/£r^£ t£\t^7T— * hr-^/<777 (Fast Data 
Buffer) r c xn. -f>^y— *7*®m&ft 

< 

[0 0 2 8] *:<D'<k, W&t— u-h^ >v<— * 
(RATE-CONVERTORCl f§ ^ ) 4 7, 4 8 CT h =i y/< 

— h&m*ft\<\ h-V^-^y >^ (TONE 0RDERRIN6 
tcffl^) 4 9KT h-V^-^y >^«a«rfT5. -tL 
T, h->^"-^y >-^^COi^ff ^-^(Cg^^ 

^ (CONSTELLATION AND GAIN SCALLNGKffiS) 5 OfCT 

(IFFT : Inverse Fast Fourier transforming ^) 
5 lK-Ci£Kii7-y ^&£tT9 0 
[0 0 2 9] t»; 4 ^T's/h^7Wl//«>!)r/M 
^7r (INPUT PARALLEL/SERIAL BUFFERS ) 5 2M 
T7- y ^&*£C9^ Uyl^— *£*>y T/Ut^— *fC 

^3 >v<— * (ANALOG PROCESSING AND DACfcffig) 5 

[0030] m3n. *«M{-^^6a«3sit<os«s 

{fx-* mmcommir--?) CJtl, T^n^n-tr 
r»^/7to^-rr^/^^"^ (Utf^AN 
ALOG PROCESSING AND ADCIdfg^) 14 1CT7^^ 
y >> If T+nfW&^^isZfrfom^ 
»U K^^fW = 7-ff (TEQ^ffiS) 14 

2{zxm$m®<nmjfc^{t&m&?f0o 

[oo3i] WMW^^ajc^btea^ietTSJxfc^-- 

(INPUT SERIAL / PARALLEL BUFFER(Cfg^) 1 4 3 1CT 

->y 7^7-^^e>^7 ^ic^^^n, -^^^^ 

7^x-^e^LTK5l7-y^tfe3? (FFT : Fast 
Fourier transforming ^) l 4 4 iTiii^ 7— y^^ 
fe^tTV^, to^, WSK^W37^f (FEQtc 

[0 0 3 2] -t It, «K«cffi«^>aiC^t:«i3S^9ltT 

/y-r>^>5r— y (CONSTELLATION DECODER AND GA 
IN SCALLNGidffi^) l 4 6 *s£t> # h~ ^ilr—# D 
(TONE ORDERRINGtCtBS) 1 4 7 KTfffrJx 

* (RATE-CONVERTORKtS^) 1 4 8, 1 4 9tCt5U- 
b 3 W<- hftiS, ^-f y ~y (DEINTERLEAVEtCte 

a) 1 5oia§r>fy^y-ym s?*- 

— a l^^->3 > (DESCRAM&FECtctg^) 15 1. 15 2 
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(6) 

9 

4 2 V y 9 y & V^Vv'-f ^-zl. y $ (cycl ic redundanc 
y cheekier) 1 5 3, 1 5 4 \z£ SiraTCg&jg^ 

> h n-^(MUX/SYNC CONTROL^ lla) 1 5 ST^gff^' 

[0 0 3 3] Jhffi^t-J; d^il{t^@^io^Tfi, §: 

2-D(D&m$:m^rtZ>^ *) , £7t(ircQ 2 0<7) 

[0 0 3 4] fc*5 % ±IB^J: 9^^^ix5iijf^m(c 
*3^TH 11 (a) K^??*!*^ ±fe^{f^^jo 

^5 O^fig^ttbtl, HIl (b) (C^lTfg^;^ _h 

[0 0 3 5] J^T, *^O^filic:iott5^-^if (iUft 

B»i:R«t5. ST. HIi (a) l^-rff#«<a»f£ 

(QAM : Quadrature Ampl itude Modulatio 
n) t L"C> fci*tf % 1 6QAMM^ifflt^>o £ 

8tfff<tR/.£'K Ell (a) tC^-r«t9(C, Tffi2t>h 

[0036] ::t\ Tfi2t'^ h^r-^fco^ 

BMifctt:. EI4 (a) ^4«PSK (Phase Shift Keyi 
ng) ifrztooff #jSUEB-Cfc 9 , (b) ^16QAM*« 
^ft^KBT*^ 0 , ( c ) 6 4 Q AM*3*tf>«#j{£ 

[0037] tztz_i-£, ±m-r-<x<D^m^<ois^ 

£\ SfifflJT-li, ttWSCJ: fltimtr* 

(i£{fx— *) £ LT*t>«^fe Lv^*—* 

fcix.ll H4«>S«(B»*a*Jj:t/b^# 
B-TSi:. ^f^S^ (0 4 (a) (b) (c) Kffi 

y M\ (o f o) (0,1) (1,0) ( 1 , 1) -e 
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ffi^U SfUBJ-efietiiSSrffpfllfiKi!: L/c 0 
[0 0 3 8] ditlcj:^ *Hffico^fig|CiB^-Cli, ^ 

#«P*fk<OJt* t tltttLT. iSM^c 

[0 0 3 9] g£^T, A^S*xfcTffi2 IT 3/ KDigffx 
-^:ui, u2fC»LT^-^W^kS:llffii-6, HI 1 
(a) ^^^-/1<?¥^SIl<0»m-ov^rSttM-r5 0 

fcixll 0 5»i, ^— *flF»»i<o«i««:*i-ia-cfc 

9 v »tt«Cf±, BI5 (a) ^-/f^l^D^ 
M^tit'fc^ El 5 (b) ^*«WJCt5^*6S» 

[0 0 4 01 05 (a) fc*5l*T, 3 1^if^t'^h^ 
^IKfiSi-SSflx-* : ui, u2£gi£^#{bLT 

tlSt^ — $ : uaiffl^tsa 1 ^s»wa«i^ 

^HbSiT'fcO, 3 2io<tO*3 Sit-OP })—s<X&>*), 

?HHt«3 lO&JlKJ; OflniSiSfS^-^^W^bUfc 
3 4 (D^wcx *) 4 y — y*£5tm^-^ zn^ik 

L/c (fdKOx-^i:^B#^J(DS^5) Tl^x-^ : ub 

[0 0 4 1] 05 (b) {c^-r**W^f?l»«Jtfl 

»*i&^W*{k:»li*5l^r, 61, 62, 63, 6 4li 
IlS*Cfe 9 % 65, 66, 67, 68, 69 fi*P»S 

a@<0*D»»6 5?55, A^^n^^fy 5 -^ : u2 (4 
tz.\i$rf—9 : uit) <t 7 ^ — hV< y ^ ^^cTlSx — 
^ : ua (^/cfi/Lg^-^ : ub) i^^O^tB^L, 2 
S1^PSS6 6^ A^^n^iH^f^-^ : ui 
/c*ix-^ : U2t) i:ii5i^6 1 (DtU^ t ^^D^tB^ 
L, 3&@(0flO»»6 7?)^ A^I$tL5itjf-r-^ : u 

1 (^fcfix — ^ : u2t) iiUm^-^ : u2 (^fcfix 

: uit) <bii^l§6 2 cotti^<h: ^r^JP^tti^ 4^: 
I©i0g»6 8^ A^£ix5i£{fx-* : ui (^3t 
fix-^ : U2t) tmt^r — ? : u2 (SfcfiT 5 -* : 
uit) <bi§S§§6 3W^i:7>f- K'<:y*S*L£:5LS 
x-^ : ua (^yzfiTCS^— 9 : ub) t SrJoKtti^ 
*»a<0*D»»6 9^, A^Sil-SaHt^-^ : u 

2 (^fc^T 5 -^ : uit) <hiiii§§6 4<Dmxtito&. 

Settle Tl^-t-* : ua (Ttfi^-^ : ub) ^rffi 

[0 0 4 2] tit, ^-/KW^-|§l*Ci5^rtt, 
t"— ^ : ua, ub $rffll/^fcS:ff {RiJT'^^f x — ^ : ui 
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// 

IC, fc£;tft i£{fx-* : u2*r, « 1 <Ol¥»6<j«L« 
«i&^W#ik«3 1 \CjSrtZtoW>$s6 5, 6 7, 6 8, 

6 9 das (b) mm) ^A^L, * \)-7mm& 

<D7-? : u 2 t£, m 2 <^lf»«}«a««ii^W^-ft» 3 
4«i*5Jt5ttlK«6 6-6 8{::ArtL, — Silf- 

tt5^o«^6 6~6 8jca^l, -O'* y— yuasmco 

lC:fcftSflDg§£6 5, 6 7, 6 8, 6 9 fC Arti" -5 r t 
X\ Mf-^ : uiO^lJ^fx-* : u2 (Dft&lk 

<dkx\ mfi&xiz&zmm&<o&&m-\zi,x\,*z> 0 

[0 0 4 3] 5 fc, Bi (a) K^"T??-5|*£ffl 

l^fc^Kft ^fy^U-^M^Lt, hW 
ftx-* co^ «9 (C» LT^ "9 fT:Ei£rt £fa_t£-tt6 r t 
&*!t&tti:*) y £<bK:, i£ff^-^ : ui<7>^ijOArt 
t&ifv*-* : u2<£>^iJcDArt££r, »iwB»Wfl 

«3 4t<o|BJTAn***wi:lcJ:0, SflMmctaS 

[0 0 4 4] K*S y 12 6 ft H5 (b) 

(b) ic^-rSWWiajttfii^^^bgS:, B6go[e]?§ 

[ 0 0 4 5 ] El 6 ^^^*3SMOS»Wiaitt*iZi^??# 
{b*lw*5l^r, 7 1, 7 2, 7 3. 7 4 ttiS5£»t:*> 
•9, 7 5, 7 6, 7 7, 7 8 »i*Dlt8iT-*>6o Ctf>BH* 

$4x5i§{fx-* : ui (SfcttT*— * : u2t) irilffi 
»7 l©fflrtfc*ftl*fcjUrtU 2»@<7)AD3*«7 
Art^JlS^f^-* : ui <*fctt^-* : u2t) t 
iitff^-* : U2 (£fcf*x-* : uit) tmm$s7 2 
<&ffl^£*AD£ffl*>U 3 »B 7 7**, Art£ 

tizmmy*-? : ui (sfciw— * : u2t) tmm%s 

7 3<n&Jity K'<**£ixfcil3£8 7 4 coffin <t 
£*DStfcirtL, S»S(0»D»«7 8^, Art Six SiHfB 
X — ^ : U2 (^fcll^— * : uit) <tiiiS^57 4 COffi 

* : ub) ^tHrti"5o 

[0 0 4 6] otffc, Bl (b) «C«-t-«*»OBf^^ 
MX IN (QAM) t LT, l6QAM*4Sr 
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2-C««*-rSw £fcJ:*K Tenant t*-** 

li^-T^o fcfcU §HMLcy : y4, y3, y 2 , 

yi, ya, ybft -tix-fixmiaaifSW^ttirt : u4, u 

3, U2, UI, Ua, UbiZfzk&gjCDS 4 — is is 

[004 7] ^f, L c y : y 2 , yi, y 8l 

ybtSltSofc^-^aWCtt, ^ 1 <om^i% 1 1 
*\ L c y : y2, yi, y a SrtetH L, r Jx<b 

^*fSfS#^e>*S*ixS««ti'y h (ycO^fx- 
10 9 : uik, u2k.(C*g^) :uik', u2k ' <7}*f^;fcg 
it : L (uik ') , L (U2k ') tlSffl-TS ( k ttttM 
Sr*i-) o »»±«Jt**ffir5«*»i: LT 

ft fcfcAtf, SE*Jco**:*««*a*» (MAP7^ 
=*y Xi> : Maximum A-Posterior i) frm^^btlZ Z tfr 

[0 04 8]:^^, tfgcfcgtt :L (uik'), L 

dm') ft ttT^>-t5^*-*-wfc35«-ets. 

[ft 2] 

20 MuiK)*"L cy +La<u 1k )+Le(u 1k ) 
, Pr(u 1k °H[Lcy|) 
Pr(u 1k =0j|Lcy|) 

[0 0 4 9] 
[»3] 

L ( u 2k) el - cy +La(u 2k )+Le(u 2k ) 

,. n Pr(u 2k °1|lLcy|) 
" Pr(u 2k =0|jLcy|) 

30 [0 0 5 0] fc*5, **160»«^*Jl^T, Le 
(uik) , Le (u2k) li*HB««*r*L, La 
(uik) , La (u2k) l4lom^»fl[*"e*)8*tt 
W^^r^L, Pr (uik = 1 | (Ley) ) It S<Hs 
tLcy : y 2 , yi, y a &SttBlofc*ft=-C\ HBRtC 
iKIt SixrcWfflt*^ h : uik^l-C*>S»«M*4r* 
L. Pr ( u i k = 0 I (Ley) ) ft uik^otfcS 
Pr (u2k=l | (Ley) ) ft S 
IffffLcy : y2, yi, y a ^gtt&o/^fr-C, H 

mzmmtstitzffimt'y b u2k*«i-e*>a*aa** 

40 ^L, Pr (u2k = 0 I {Ley} ) ft u2kri*0T-£> 
6f»$^it„ -r<Cto*>. (3) (4) xtT'lt u 

2k^oT-*>-&»*fw»-rs u2k^ i xfozmmt. uik 

[0 0 5 1 ] 0?fC, ^D®§|1 2T*ft «HBHCfflte*"C 

*>s»»*«jt^e>, ^2(7)s^i§i 5tw»i-5^ats 

^^r^tti-r^o ^35tS^ : Le (uik) , Le (u2k) 

ft ±ie (3) (4) j&zm^x, \*T<n&o\zm-f 

50 
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(8) 



13 



L e (uik) = L (uik ' ) — Ley 
Le (u2k) = L (u2k~) —Ley 

"C^i^t^ La (uik) =0, La (u2k) =OT* 

[0 0 5 2] 0#*^. y — y<l 3ioJ:t/l 4T- 

11. S(l«fLcy^»«8:Le (uik), Le 

(u2k) t^tt IsTm^-CD&^W^&ft 0 o t-LT, ^2 
ilOl^l 1 gffff 
Hey, *3«tt/ife^WttSLT*5U^*flllr«« : La 70 

(uik) , La (u2k) Mg'^T, (3) (4) xtfC 
<t5M§C*Sit : L (uik * ) , L (u2k ' ) ZUm-t 
So <C*5, Pr (uik=l I {Ley) ) 

11, Sffff-^L c y : y 2 . y i , y b ££ft&o fc&{4= 
T\ *§B^ai«*ixfc«|«tr^ h : uik^lT'fe^M 
SS^Sr^L, Pr (uik = 0 | (Ley) ) li, uikrt* 
0T^5Mlt$^L, Pr (u2k=l | (Le 
y) ) (1. c y : y2, yi, yb£gtt&o 

£<M£$SP££ricL, Pr (u2k = 0 | (Ley} ) II 20 
u 2 k # 0 "Cfc 5 *&5S^ £^T Q 

[0 0 5 3] -ttOft, *D««1 6T-J1, *D*»1 2iB 

(5) (6) ^ffl^T, »«i:Le 
(uik) , Le (u2k) *niti-rZ>o ^<Dt£, *f4> 

$8 : L a (uik) , La (u2k) t Lt, iffiKff 1 

[0054] -t lt\ ±B*-#«**-ctt % ±E«ia 
tf, " l (uik ') >o- -e*ixtf % 

flMBtfy h : uik - £ 1 tWgL, M L (uik *) ^ 
0" -e*>Jx«, «tS««tfy h : uu'^O^WtL, 
atSdSffitbd* " l (u2k ') >o" -cfcixtf, 

*S««try h : u2k ' Sri <t¥*J5tL, M L (u 2 k ') 

^o" -e&tui, *^ts^t'-y h : u2k ' ^o tnm-t 

Z>o <C*5, l^0#f-S:if -r^Sffff -^-L c y : y 3 , y4— 40 
[0 0 5 5] 9*5«fcU< 

52^R/sr=-y2im ^fS^t-y-Ky 
p^vw^srffiv^ji^— <o^^y ?&n\,\ Mfcmm 

igLft!.3a4:j»T*-fr6. tit, !I-Kyp^»ft 
[0 0 5 6] ^^T% 9fcJ:(>' 50 
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14 

-La (uik) (5) 
-La (u2k) ••■ (6) 

$2WR/Sr^2 1 ^£Z>ht(D&mT-?(Dm 

SlO^gl 8*^11^2 «0£J^3i2 OK 
R/Sr^-yi9, £7cfi^2 <DR/S^~-y 2 1 

[0 0 5 7 ] 3=7t, W, 2 (Djjfeb LTfl, »1«0*IJ£S 
1 8£7tlim2CQ43J£S£2 0(iTfc<t<oai«T f -^7)Stt 

Ttflf^^R/S-r ^ — ^2 175^ — 
y^£ff</\ fSf^r^RXS^=i — ^ rai7— as/^j 
t mm L fc«Bt-e * - J: £ ±E» 9 iS Ltta 

£#*7£i±, -tit, y- KV p*^W#Srffi^T]lM2 

[0 0 5 8] ^7t, msnXtixt LTtt, ±IB^lioJ: 
**0 iS L^7)^JS^n^7)-o7t^^lTiESr IT L 
m^MW^m^O iSLAQiSSrllJSL, fe5^S, fcfy h 

[0 0 5 9] ^.^ct^tC, 0 1 (b) ^^-rffl^-SSrffl 

Kyo^t x z> m r> rriE t SrHJg-r s ^ — 

SrfT'JWKiSi:, ta^:^, Itgfl^^^ftfijS 

[0 0 6 0] ^7t, il©R/ST3-^19*3i:(;» 
2(7)R/Sr^"^2 1 Srffl^T^f^-^SrlS^-r^ 

«cB«l»-r5rt^fiBtft-5. 7y^i^/< 
j\smtLX*<nWk")miE$:fto R-s^^- (y-Kyp^e 

[0 0 6 1 ] Said, **M^^-/-K?f^«*ffiV>Ti3l 
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15 

#<^BER»tt4r^i-|a"C*>-5. fciittf, BER^ 
r*/Jv%$ V^S^ : woiinj Fi^SNROB ERIC 

N w io • vv' 
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[0 0 6 2] RttftlClr*3 BPSKKHtfflV^e 
H^^^fi, HttWlc, JL^TO (7) ^coj: 9^^^ 

[ft4] 



Pb < 2 



NO 



N' 



Wo-R- 



E b 

No 



(7) 



[0 0 6 3] fcrtiu w'fi^g^Wffltr^ h^^j 

m***U Rttft-SMfcu-- KSrSU Eb /Note US 

±GHftQ (x) te, tATO (8) a©J;5kl*t. 
[$t5] 

[0 0 6 4] BEb/No®«, 

xy-^DTgism nii&Q (x) ^xaot, 

[0 0 6 5] S/c, H8I1 y— 

m&t&7F-rmx'&>z> 0 r^aM^s >?mwz. At) 

ft, -t<7?*Oft/hfi|*7rL^b(^T-*)-5. 

[0 0 6 6] 13 7*5^^0 8 ^»tSit«S5fi*^P>, * 
/J^S < % X7-7P7»BER# 

[0 0 6 7] UA±, *3M£o?Kffi«c*J^Ttt, 
y) /--£x.fi\ 0 5 (b) *3j:t/BI6(c^-r«t 9 

ff-^ tc*j- It J: 9 ft < Sift $ itS d 1 * 5 J: 9 

U/j: b E RKtt tft 5 ^ t Pfit 4 5. 
[0 0 6 8] 



[0 0 6 9] o€T«>«WJcj;Jx«, iicldS^hl 

#fk*»t«>iB-cAix»*.a-ticj;o, at 

«(9I K J; 5 SB 1 *5 i: t/« 2 tr 3/ h Jma>¥£&tt& 
30 z&i-ikTZ z t *<?7ffi&»{*Knfr»* - 

[0070] oyo«wicj:*ttf, S?ik>«« tr* 

m 1 ] **w^^6afsagB^teffl*tt5??-s-« 
-tmx&Zo 

[14] Mf^ ^^/^sB^fs^eesr^i-ia-e 

[0 5 ] ^-/if?f 1 <Dfflf$.Z7jk-fmx&>Z> 0 

im6] las (b) (Dftffiffy&m&i&frn^it&tm 
50 7F-rmxibz> Q 
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17 

£ ffl V n T £ ft x - 9 & m ^ L <D B E R # ft £ ^ *t 

m 9 ] mm mz^^xi&m&tiz 9-^n^<r>m 

1 11 12, 16, 

6 5, 6 6, 6 7, 6 8, 6 9, 7 5, 7 6, 7 7, 7 
8 JlllfS, 1 3, 1 4, 3 2, 3 3 >^ y — 
15 f^2<Dm^s 17 7^ V* V 18 
l©tl|£», 19 SlOR/Sf^y, 2 0 12 20 

2 1 S2^R/S7=>-^ 2 2 S30 
t^JaE^, 3 1 ^1 ^H»W«U»*5&^«F*{b*, 3 4 
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j/n/^y^yhn-yK 4 2, 4 3 ItM ^ y y 
^y^yy-ffxs/^ (CRC) , 4 4, 4 5 7 
* ? — K^7 — = v-a > (FEC) % 46 -TV* 

li— 4 7, 4 8 U-hay/W, 4 9 1 > 

W^f, 5 0 3y7^l/-^ 3 yxy3-^/ 

y-r y >-^\ 51 mmmy-v^mw^n (i 

FFT) , 5 2 ^y^y h^7^/y!i7/My7 

7, 53 r^o^7 p D-fe.y->>'^/T f -<>?^yU-r^* 
D^n>/<— ^ 6 1, 6 2, 6 3, 6 4, 7 1, 7 
2, 7 3, 7 4ii*£S§, 14 1 T~r*if-7uty •» 
if/T-t* # — *f4 iSpJUzi >>s<— 142 
h7>fW37>ff (TEC) , 143 ^fy/5/h'> 

yr/^7wi//<y77, 144 iiiii^— y 

35 (FFT) % 145 Bjfi* K**f W = 7>fif (F 
EC) ,146 U — :> 3 yxyn-^/^ 

y^-!iy/, 147 h— ^y vy, 14 

8, 149 h =» w<— ^ x 150 -r-f^^y — 

7\ 1 5 1, 1 5 2 7^-!7-Kx7-3U^'>3 V, 

153, 154 t^^y •^yyy^y-y^x'^ 
(crc), i5 5v/i/f/u^vyy^yhD 



[(32 ] 
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SCRAM&FEC 



,<2 


< 41 


CRC 
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ORDERING 



RATE- 
CONVERTOR 



RATE- 
CONVERTOR 
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PROCESSING 
AND OAC 



[B8] 



[B3] 



ANALOG 
PROCESSING 
AND ADC 



,41 s 



TONE 
ORDERING 



CONSTE- 
LLATION 
DECODER 
AND 
GAIN 
SCALLING 



INPUT 
PARALLEL/ 
SERIAL 
BUFFER 



MUX/SYNC 
CONTROL 



— DESCRAM&FEC 



RATE- 
CONVERTOR 



RATE- 
CONVERTOR 



DESCRAM&FEC 




DEINTERLEAVE 





M)-t\'1<r (bit) 






128 


10 


11 


256 


10 


11 


512 


10 


12 
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(11) 
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1 J 



(a) 



U 4 

U 2 
U, 



► 






► 




► 






. ^ 






► 






► 



(b) 



Ley 



£ 

m 3 <7)^i^2s 



22 




Ley 



1 *— i 

mi tf> 


► 


m i a) 






R/S 









[me] 




(12) 
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[H4 J 



[135] 



(a) 



(1*0) 


(o'o) 


(1*1) 


(0.1) 



u 2 - 



32-1 I I J— 33 



(1001) (1011) 



(1000) 



(1101) 



(1111) 



(1100) (1110) 



(0001) (0011) 
•b 



(0010) 



(b) 



(0111) 



(0100) (0110) 









14 










(b) 










13 13 

0 2 0 2 

13 13 

0 2 0 2 



3. b 1 
2 0 



2 

1 3 
0 2 



13 13 
0 2 0 2 
1 3 
0 2 



1 2 3 
0 2 



[H19] 



13 13 

0 2 0 2 

13 13 

0 2 0 2 



(a) 

7 s — 5» o- 



U.(UJ 



17] 



S 1 cDPMStftffiQ 



<102 



,103 



1.0E-00 

i.oe-oi 

1.0E-02 
1.0E-03 
1.0E-04 
1.0E-05 
1.0E-06 
1.0E-07 
1.0E-03 



(O'JvU>7'fl*:'l0 

-(«'jvA->rn*:*) 





f.«:?P7«tt 








j BER<7)£ 



10 u 
Eb/No 



(b) 




[Hi 0] 
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(111) 
1.OE-00 i . 

1.0E-O1 1 
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